Background and Purpose-Diagnosis of paroxysmal atrial fibrillation is difficult but highly relevant in patients presenting with
A trial fibrillation is a frequent cause of ischemic stroke and patients with atrial fibrillation are at increased risk for sustaining a second stroke. 1, 2 A diagnosis of atrial fibrillation in patients with ischemic stroke usually results in a change in therapy, because oral anticoagulation is the most effective strategy to prevent secondary ischemic events in these patients. [3] [4] [5] Identification of atrial fibrillation after cerebral ischemia can therefore be expected to lower morbidity from recurrent stroke.
Diagnosis of atrial fibrillation on physical examination or routine electrocardiogram is straightforward when the arrhythmia is persistent or permanent. Paroxysmal atrial fibrillation, however, has been reported to be asymptomatic in up to 50% of patients 6, 7 and can therefore be difficult to detect. However, the risk of thromboembolism purported by atrial fibrillation is the same whether paroxysmal or permanent. 8 Different approaches to detect atrial fibrillation in patients after an ischemic stroke have been investigated. In a recent review on noninvasive electrocardiographic monitoring, Liao et al 9 reported that prolonged monitoring is likely to result in higher detection rates. However, published data are limited to a maximum of 72 hours of continuous monitoring, whereas longer timespans have only been monitored by automatically triggered event recorders. Also, the probability of detecting atrial fibrillation may be higher in the acute phase due to clustering of episodes of the arrhythmia, 6 ,10 making the early initiation of monitoring advantageous.
We report feasibility and detection rates of atrial fibrillation with continuous 7-day Holter monitoring applied early in the emergency department in a prospectively collected cohort of patients presenting with symptoms of ischemic stroke.
Materials and Methods

Patients
In a single-center prospective observational trial termed Find-AF (ISRCTN 46104198), consecutive patients presenting to the emergency department of the University of Göttingen between March 2009 and February 2010 with symptoms of stroke or transient ischemic attack were asked on admission to give preliminary consent for participation to allow for early biomarker sampling. All patients suspected to have acute cerebral ischemia are admitted for at least 24 hours; therefore, only inpatients were included. The primary objective of Find-AF is the identification of factors associated with incident atrial fibrillation after an ischemic stroke, specifically novel biomarkers, to guide diagnosis and therapy. Results on biomarkers will be reported in a separate publication. Patients who were found to have other definitive diagnoses (eg, intracranial bleeding) causative for their symptoms were excluded; all others were asked to confirm preliminary consent by signature. Exclusion criteria were age Ͻ18 years or inability or unwillingness to consent. Because this trial was noninterventional and all patients underwent the same diagnostic workup for atrial fibrillation, we deemed consent by first-degree relatives an acceptable alternative to enroll patients when patients were unable to consent themselves.
The study complies with the Declaration of Helsinki, the protocol was approved by the responsible ethics committee, and all patients gave written informed consent.
Data Collection and Clinical Evaluation
Baseline characteristics were recorded by a standardized questionnaire, including a detailed medical history and baseline medication. All patients underwent serial biomarker sampling at 0 hour, 6 hours, and 24 hours after presentation and received a carotid ultrasound and cerebral scan (CT or MRI). After written informed consent was obtained, a Holter monitor (CardioMem CM 3000; getemed Medizin-und Informationstechnik, Teltow, Germany) was applied by specifically trained study personnel (R.C.L. and B.H.). These devices are capable of recording a period of up to 10 days with a single charge of batteries on a secure digital storage card. Patients and relatives were instructed in the correct handling of the monitors. The Holter monitors were collected after 7 days. Patients discharged earlier were instructed to send back the devices after the whole monitoring period had elapsed.
Electrocardiographic recordings were analyzed offline by 2 investigators (M.W.-K. and R.S.) blinded to clinical data of the patients using dedicated analysis software (CardioDay; getemed Medizin-und Informationstechnik). Day 4 of the recording was defined as a 24-hour period that would have been recorded as part of standard care. This period was analyzed first and a detailed report for this interval only was forwarded to the treating neurologist. Remaining days of the recording were analyzed at a later time point with a focus on the detection of atrial fibrillation. Briefly, heart rate and RR variability plots were checked for patterns suggestive of atrial fibrillation, Ͼ20 electrocardiographic strips representing fastest and slowest heart rates were inspected and arrhythmias, and supraventricular tachycardias and supraventricular premature complexes as detected by the automated software algorithm were scanned. In cases of low-quality recordings, we deviated from this algorithm to more intensive analyses up to manual review of the whole recording period in several cases.
When previously undiagnosed atrial fibrillation was detected, the respective primary care physician was informed. Because 7-day Holter electrocardiograms were, except for the standard 24-hour interval, analyzed offline with some delay, results of prolonged monitoring did not influence treatment recommendations at discharge from our hospital.
Definitions and Statistical Analyses
Continuous data are given as meanϮSD unless otherwise stated. Categorical variables are given as absolute number (percent). Etiology of stroke was classified according to the widely used Trial of Org 10172 in Acute Stroke Treatment (TOAST) classification scheme. 11 Stroke severity was approximated by video-trained physicians applying the National Institutes of Health Stroke Scale 12 and the modified Rankin Scale. 13 Presence of atrial fibrillation was defined as at least 1 period of Ͼ30 seconds' duration of an absolute arrhythmia without detectable P waves and without a pattern more consistent with an alternative diagnosis as recommended previously. 6, 14 To add detail, we also calculated overall detection rates for shorter (Ͼ10 supraventricular ectopic complexes in a row) 15 as well as longer (Ͼ 5 continuous hours 16 ) periods of atrial fibrillation. Detected episodes were verified by a specialist in electrophysiology (J.S.) blinded to clinical data. Detection rates were calculated as a fraction of all patients who had received 7-day Holter monitoring (including those with inadequate quality of recordings), except for those with previously known atrial fibrillation and those with a final diagnosis other than cerebral ischemia (Figure 1 
Results
Study Population
Two hundred eighty-one consecutive patients were included of whom 44 (15.7%) had atrial fibrillation at presentation. All remaining patients (nϭ237) underwent prolonged Holter monitoring. One patient withdrew consent without specific reasons ( Figure 1 ). Of all patients, 8 (2.9%) received a final diagnosis other than ischemic stroke or transient ischemic attack at discharge and were therefore eliminated from analyses (1 of which had presented with atrial fibrillation). Clinical characteristics for the 229 patients without and those 43 with atrial fibrillation at baseline and with a final diagnosis of cerebral ischemia are given in the Table.
Technical Feasibility
Holter recordings were started after a median of 5.5 hours (interquartile range, 3.5 to 8.4 hours) after admission and 9.5 hours (interquartile range, 6.0 to 16.3 hours) after symptom onset. Prolonged monitoring was generally well tolerated, resulting in a median recording time of 6.7 days (interquartile range, 4.4 to 7 days). Due to artifacts, interruptions for clinical procedures, and early detachment of the monitoring leads by patients, only 69% of all patients had recordings of at least 5 full days of evaluable material. In 5 patients, the overall quality of recordings was so low that they were essentially not evaluable. Although the procedure was well tolerated by the majority of patients, Holter recorders were reported to be cumbersome by several patients and also in some instances by nursing staff. Although we did not implement a standardized adverse event reporting system, study personnel were in close contact with patients and their treating physicians and nursing staff over the monitoring period. The only adverse event that was occasionally reported was skin irritations at the site of electrode placement. Over the whole study period, no technical problems with the devices occurred except for 1 defect of 1 individual electrode cable that was promptly replaced by the manufacturer.
Detection of Atrial Fibrillation
Detection rates for every single day of and cumulative detection rates over the monitoring period are depicted in Figure 2 . There was no recognizable pattern of detection rates favoring any given point (eg, the first 24 hours) of the monitoring period. In patients without previously known paroxysmal atrial fibrillation, an overall detection rate of 12.5% with 7-day monitoring (corresponding to 10.3% of all patients with cerebral ischemia) was significantly higher than 4.8% for any 24 hours (Pϭ0.015) or 6.4% for any 48-hour monitoring interval (Pϭ0.023). Importantly, 15 of those 28 patients with atrial fibrillation detected by Holter monitoring (6.7% of all patients in which Holter was performed or 5.5% of all patients with cerebral ischemia) had been discharged without a recommendation for oral anticoagulation after routine clinical workup, including results of the 24-hour Holter report defined as standard of care. None of these patients had hard contraindications for oral anticoagulation. Short periods of supraventricular arrhythmia of Ͼ10 beats in a row were detected frequently during 7-day Holter monitoring, totaling 43.8% of all patients. Rates of atrial fibrillation with a duration Ͼ5 hours were detected in 6.3% of patients undergoing Holter monitoring (or 5.2% of the whole study population).
Interestingly, there were only 5 patients with a reported history of paroxysmal atrial fibrillation who did not present with atrial fibrillation and therefore did receive an electrocardiographic monitor. Of these, 1 was not evaluable, whereas of the remaining 4 patients, only 1 had evidence of atrial fibrillation on 7-day Holter monitoring, although all others had supraventricular runs of Ͼ10 beats.
Among those 8 patients with a final diagnosis other than cerebral ischemia, 1 presented in permanent atrial fibrillation, whereas none of the other had evidence of atrial fibrillation in their 7-day Holter recording, and only 1 had supraventricular runs of Ն10 beats.
Discussion
To our knowledge, this is the first report on technical details of prolonged and early continuous Holter monitoring in patients with cerebral ischemia. We are able to document a substantial increase in detection rates with prolongation of monitoring. A significant number of atrial fibrillation episodes obviously escape detection during routine clinical care and detection by Holter results in a change in therapy in many of these cases.
Our observation that the rate of detection for the complete 7-day period compares favorably with 24 hours or even 48 hours of monitoring is in line with a recent meta-analysis in which a trend toward higher rates of detection with prolongation of monitoring was proposed. 9 The only available data on detection rates for 4-day 17 and 7-day 18 monitoring intervals were obtained with automatically triggered event recorders and after a median of 10 or 55 days after the index event, respectively. Reported detection rates of 7.7% and 5.7% are consistent with a low diagnostic yield when monitoring is not performed continuously and at an early time point, which is corroborated by the results of the current study. Higher detection rates (up to 23%) than in our observation have only been reported with event monitoring up to 21 days 19 or repeatedly for 7 days over the course of 6 months. 20 Such high rates, however, may to a large extent be the result of more sensitive definitions for atrial fibrillation (eg, in the study by Tayal et al, only 3 of 13 patients reported as having atrial fibrillation had episodes lasting Ͼ30 seconds). The rate of change in recommended therapy of 6.7% of all patients screened transfers into a number needed to screen of 15 patients to change 1 secondary prophylactic regimen to oral anticoagulation with a resultant relative risk reduction for secondary ischemic events of approximately two thirds. 21 We would have expected to see a higher rate of atrial paroxysms early after the index event. 10 However, there was a nonsignificant trend toward more episodes on Days 2 and 3 only and the absolute difference was moderate. Furthermore, there was no evidence for a higher detection rate on Day 1. Because interpretation is also hampered by the fact that actual detection rates toward the end of the monitoring period might have been actually higher, because an increasing proportion of patients discontinued monitoring over time, we are reluctant to interpret these findings as evidence for higher diagnostic yield in the first 3 days after an ischemic event. Starting monitoring very early may therefore not be crucial for a diagnostic algorithm to detect paroxysmal atrial fibrillation, a finding that should be confirmed in larger cohorts. Despite the fact that most recorders were applied in the emergency room (and the remaining in our stroke unit), we still had a median lag of 5:30 hours from admission and 9:30 hours from symptom onset until the start of the recording and can therefore not draw conclusions about the very first hours after presentation with symptoms of a cerebral ischemic event.
Our data strongly argue for an extension of the monitoring interval in patients with ischemic cerebral events, whereas starting the monitoring period as early as possible may not be essential. What remains speculative is the optimum duration of monitoring. Because the overall rate of detection continued to rise up to Day 7, even longer monitoring periods may still further increase the diagnostic yield. An analysis from the TRENDS trial 22 found atrial fibrillation episodes in 28% of at-risk patients receiving a pacemaker or implantable defibrillator over a follow-up of 1.1 years and we speculate that rates may be even higher in patients after an ischemic stroke. Alternative methods for long-term monitoring will therefore have to be investigated in the future, for example, implantable loop recorders 23 or telemetrically transmitted daily electrocardiograms. 24, 25 Another relevant and incompletely answered question is what duration of an atrial fibrillation episode actually indicates an increased risk of thromboembolisms. A minimum duration of 5.5 hours has been reported from the TRENDS trial. 16 As reported previously, detection rates for such longer episodes were approximately half of those according to the standard definition in our study. On the other hand, a recent population-based analysis demonstrated that even short runs of supraventricular activity as well as a high load of supraventricular premature complexes were associated with an adverse outcome, namely hospitalizations for atrial fibrillation, but also stroke and overall mortality. 15 It is striking in this regard that we found a very high proportion of patients with supraventricular runs of Ն10 beats. Such supraventricular runs were associated with a rate of atrial fibrillation hospitalizations of Ͼ10 events per 1000 patient-years in the study by Binici et al. 15 Combining these observations with the high rate of supraventricular runs in our study population gives rise to the speculation that such supraventricular runs may be a surrogate for longer episodes of atrial fibrillation that may in fact be a more common cause of cerebral ischemia than has been acknowledged until now.
Although our data principally argue for the performance of prolonged Holter monitoring, the method was reported to be †Minor strokeϭresolved completely within 30 days or change in NIH stroke scale by Յ3 points; major strokeϭneurologic deficit persisted after 30 days and increased NIH stroke scale byϾ3 points. 
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cumbersome both by nursing staff and patients and the analysis was time-consuming. We would therefore favor the development of a more targeted approach in the future by subjecting only patients at higher risk of having paroxysmal atrial fibrillation to prolonged Holter monitoring. Identification of these patients should be possible in the future by readily applicable clinical scores, some of which have already been proposed, 26 although not without room for improvement. 27 
Summary
Prolongation of continuous Holter monitoring in patients with a cerebral ischemic event increases the rate of detection of paroxysmal atrial fibrillation and results in a change in therapy in a substantial number of patients. Early initiation of monitoring does not seem to be crucial. Prolonged Holter monitoring should be considered for all patients with otherwise unexplained cerebral ischemia. 
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